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( 57 ) ABSTRACT 
A system ( 800 ) includes an acquisition engine ( 837 ) that 
acquires ultrasound data for two or more modes with a first 
acquisition algorithm , including an image mode and a spe 
cial mode . A rendering engine ( 834 ) employs a first render 
ing algorithm and displays the image in a main display 
window ( 902 ) and the special mode ultrasound data in a 
viewport ( 906 ) superimposed over the main display window . 
The acquisition engine acquires ultrasound data for the 
special mode using a second acquisition algorithm and the 
rendering engine displays a first portion of the generated 
special mode ultrasound data over the main display window 
and a second portion of the generated special mode ultra 
sound data over the viewport using a second rendering 
algorithm in response to the system receiving an input signal 
indicative of a movement of the viewport from a first 
location of the main display window to a second different 
position of the main display window . 

20 Claims , 9 Drawing Sheets 
800 

804 
814 838 

TRANSMIT 
CIRCUITRY 

802 

CONSOLE 819 
842 

ACQUISITION USBR ALGORITHM 
INTERFACE BANK 

8211 840 ALGORITHM 1 
CONTROLLER 

816 
PROBE 

RENDERING 
ALGORITHM 

BANK 
838 

ALGORITHM I 
8382 

ALGORITHM 2 
838 

ALGORITHM 3 

RECEIVE 
CIRCUITRY 810 - 

821 , TRANSDUCER 
ARRAY 808 818 

812 SWITCH ACQUISITION 
ENGINE 

ALGORITHM 2 
8213 

ALGORITHM 3 806 ELEMENT ( S ) 822 830 8384 

ECHO 
PROCESSOR 

PROCESSING 
ALGORITHM 

BANK 

8218 
ALGORITHMN 

ALGORITHM 4 
8385 

ALGORITHMS 828 
830 , 

826 SPECIAL 
MODE 

PROCESSOR 
CFM 8388 

ALGORITHMN 830 MAIN 
WINDOW 

GENERATOR 824 ELASTOGRAPHY 

IMAGE 
PROCESSOR 

836 
DISPLAY 

834 832 
830N 

CEUS VIEWPORT 
GENERATOR 

RENDERING 
ENGINE 



US 10,564,272 B2 
Page 2 

( 52 ) U.S. CI . 
CPC GOIS 15/8984 ( 2013.01 ) ; GOIS 15/8988 

( 2013.01 ) ; GOIS 15/8979 ( 2013.01 ) 

( 56 ) References Cited 

U.S. PATENT DOCUMENTS 

5,301,674 A * 4/1994 Erikson 

5,524,628 A * 6/1996 Matsumoto 

5,584,294 A * 12/1996 Amemiya 

6,669,642 B2 * 12/2003 Amemiya 
7,744,533 B2 * 6/2010 Kamiyama 

2008/0167557 A1 * 7/2008 Kozai 

A61B 8/488 
600/447 

A61B 8/06 
600/441 

GOIS 15/8979 
600/441 

A61B 8/06 
600/453 

A61B 8/469 
600/407 

A61B 8/06 
600/441 

A61B 6/5247 
382/131 

A61B 8/06 
600/454 

A61B 6/502 
382/131 

A61B 8/06 
600/431 

A61B 8/463 
600/431 

2008/0193004 A1 * 8/2008 Mine 

2010/0056923 A1 * 3/2010 Hyun 

2015/0221091 A1 * 8/2015 Sugiyama 
2015/0257739 A1 * 9/2015 Yao 

2016/0066888 A1 * 3/2016 Yao 

FOREIGN PATENT DOCUMENTS 

JP 
JP 

10-033535 
H1033535 A 

2/1998 
2/1998 

* cited by examiner 



U.S. Patent Feb. 18 , 2020 Sheet 1 of 9 US 10,564,272 B2 9 

104 

102 104 

106 
102 

104 

110 
FIGURE 4 

( PRIOR ART ) 106 
108 ) 

104 104 
106 - 

102 FIGURE 1 
( PRIOR ART ) L 

102 108 

104 110 FIGURE 5 
( PRIOR ART ) 106 

104 
L th 202 

112 102 106 
? ? FIGURE 2 

( PRIOR ART ) Lt 112 

FIGURE 6 
( PRIOR ART ) 104 

106 

114 104 

102 106 

112 114 

FIGURE 3 
112 

( PRIOR ART ) 
FIGURE 7 

( PRIOR ART ) 



800 

804 

814 

838 

U.S. Patent 

TRANSMIT CIRCUITRY 

RENDERING ALGORITHM BANK 
8381 

802 

816 

PROBE 

ALGORITHM 1 

RECEIVE CIRCUITRY 

810 

CONSOLE 

819 

842 

ACQUISITION 
USER 

ALGORITHM 
INTERFACE 

BANK 
821 

840 

ALGORITHM 1 

CONTROLLER 

8212 

837 

ALGORITHM 2 

ACQUISITION 

8213 

ENGINE 

ALGORITHM 3 

830 

8382 ALGORITHM 2 

808 

818 

TRANSDUCER ARRAY 
812 

Feb. 18 , 2020 

SWITCH 

8383 ALGORITHM 3 

806 

ELEMENT ( S ) 

822 

8384 ALGORITHM 4 

ECHO PROCESSOR 
PROCESSING ALGORITHM BANK 

830 

821N ALGORITHMN 

8389 
ALGORITHM 5 

Sheet 2 of 9 

828 

826 

SPECIAL MODE PROCESSOR 

CFM 

838N 

8302 

ALGORITHMN 
MAIN WINDOW GENERATOR 

824 

ELASTOGRAPHY 

836 

DISPLAY 

IMAGE PROCESSOR 

832 

834 

830N 
CEUS 

VIEWPORT GENERATOR 
RENDERING ENGINE 

US 10,564,272 B2 

FIGURE 8 



U.S. Patent Feb. 18 , 2020 Sheet 3 of 9 US 10,564,272 B2 

902 906 
904 

910 

908 

FIGURE 9 

902 906 
1002 

1004 

908 

FIGURE 10 

902 
1104 

906 

1106 1102 

FIGURE 11 

902 
1202 

906 

1204 
1102 

FIGURE 12 



U.S. Patent Feb. 18 , 2020 Sheet 4 of 9 US 10,564,272 B2 9 

902 906 
904 

910 

908 

FIGURE 13 

902 906 
1006 1002 

1004 

908 

FIGURE 14 

902 
1106 1102 

906 

1104 1102103 

FIGURE 15 

902 
1202 

906 

1204 
1102 

FIGURE 16 



U.S. Patent Feb. 18 , 2020 Sheet 5 of 9 US 10,564,272 B2 

902 906 
904 

910 

908 

FIGURE 17 

902 906 
1002 

2 . 

1004 

908 
2.11 

TET 
14 

Titm 
IIIII 

FIGURE 18 

902 
1104 

111 

906 

11 
ATT 
ALBAOL 1106 

1102 www : LIL 
LAMINA 

FIGURE 19 

902 
1202 

906 

1204 
1102 

FIGURE 20 



U.S. Patent Feb. 18 , 2020 Sheet 6 of 9 US 10,564,272 B2 9 

902 906 
904 

910 

908 

FIGURE 21 

902 906 
1002 

1004 

908 

a trimi 

FIGURE 22 

902 
1104 

906 

1106 
1102 

FIGURE 23 

902 
1202 

906 

1204 
1102 

FIGURE 24 



U.S. Patent Feb. 18 , 2020 Sheet 7 of 9 US 10,564,272 B2 9 

902 906 
904 

910 

908 

FIGURE 25 

902 906 

1002 
JU 111 
LEIE 

LII .. 1004 

908 IIIIIIIII 
TE117111111 
IIIIILID 

LILIT 

FIGURE 26 

902 
1104 

JIWA . 

906 

1106 
1102 

FIGURE 27 

902 
1202 

906 

1204 
1102 

FIGURE 28 



U.S. Patent Feb. 18 , 2020 Sheet 8 of 9 US 10,564,272 B2 9 

902 906 

1002 904 910 

908 

FIGURE 29 

902 904 906 

1002 10022 910 

908 

FIGURE 30 
800 

836 

902 

804 

802 

3100 

3102 

FIGURE 31 



U.S. Patent Feb. 18 , 2020 Sheet 9 of 9 US 10,564,272 B2 9 

3202 
PRESENT IMAGE IN MAIN WINDOW 

3204 PRESENT VIEWPORT OVER A SUB - PORTION OF THE MAIN 
WINDOW WITH SPECIAL MODE DATA IN THE VIEWPORT 

3206 REFRESH THE IMAGE AND THE SPECIAL MODE 
DATA AT THE ACQUISITION REFRESH RATES 

3208 PRESENT SPECIAL MODE DATA OVER THE IMAGE 
IN RESPONSE TO MOVEMENT OF THE VIEWPORT 

3210 REFRESH THE SPECIAL MODE DATA IN THE MAIN 
WINDOW AND THE SPECIAL MODE DATA IN THE 
VIEWPORT AT THE ACQUISITION REFRESH RATE 

3212 REMOVE THE SPECIAL MODE DATA FROM THE MAIN IMAGE IN 
RESPONSE TO PLACEMENT OF THE VIEWPORT AT A NEW LOCATION 

3214 REFRESH THE IMAGE AND THE SPECIAL MODE 
DATA AT THE ACQUISITION REFRESH RATES 

FIGURE 32 



1 
US 10,564,272 B2 

2 
DISPLAY OF IMAGING DATA IN A MOVING FIGS . 4-7 show another approach in which refreshed 

VIEWPORT CFM data lags in time behind the moving viewport 106 as 
a still image 202 and , likewise , the viewport 106 is not 

RELATED APPLICATION refreshed with the current CFM data 114 until it is at its new 
5 position 112. In this example , the refresh rate of the main 

This application is a national filing of PCT application window 102 and the viewport 106 at the first or the second 
Ser . No. PCT / IB2015 / 054519 , filed Jun . 15 , 2015 , published locations 108 and 112 is 10-20 Hz , but the refresh of the 
as WO2016 / 203288 on Dec. 22 , 2016. This application CFM data when moving the viewport 106 might now occur 
claims priority to PCT application Ser . No. PCT / IB2015 / with a 0.3 second or more delay until the viewport is at the 
054519 , published as WO2016 / 203288 on Dec. 22 , 2016 . 10 new location 112. When moving the viewport 106 in these 

approaches , the acquisition algorithm is changed on the fly 
TECHNICAL FIELD to acquire the lines within the viewport 106 for each update 

of the image data in the viewport 106. Typically the change 
The following generally relates to displaying imaging of acquisition algorithm for the active scanning modes 

data and more particularly to displaying imaging data in a 15 requires a large amount of recalculation of hardware set 
tings . This is a reason for the lag in the image update within moving viewport of a main window , and is described with the viewport while it is moving . particular application to ultrasound imaging . However , the Unfortunately , neither of the above approaches is well following is also amenable to other imaging modalities . suited for observing CFM data or other special mode data at 

20 least because during the time period in which the viewport BACKGROUND 106 is being moved current ( live , real - time ) CFM data is not 
displayed . Rather , aged CFM data is displayed during this Ultrasound imaging has provided useful information time period , and the CFM data in the viewport 106 is about the interior characteristics of an object or subject refreshed only such that it lags in time by 0.3 or more 

under examination . An ultrasound scanner has included a 25 seconds behind current CFM data . In one instance , this 
probe with a transducer array that is configured to transmit renders these two approaches not very useful nor provides a 
an ultrasound signal into the object or subject under exami good user experience . 
nation . As the signal traverses the object or subject under 
examination , portions of the signal are attenuated , scattered , SUMMARY 
and / or reflected off structure and / or boundaries in the inte- 30 
rior of the object or subject , with some of the reflections Aspects of the application address the above matters , and 
traversing back towards the transducer array . The later others . 
reflections are referred as echoes and are detected by the In one aspect , a system includes processing mode 
transducer array . memory with a plurality of special modes and acquisition 

In B - mode imaging , the echoes correspond to an axial 35 algorithm memory with a plurality of acquisition algorithms . 
slice through the object or subject and are processed to An acquisition engine acquires ultrasound data for two or 
generate scanlines of a scanplane , or two dimensional image more modes with a first acquisition algorithm , including an 
of the slice , which can be displayed via a monitor . B - mode image mode and a special mode . An image processor is 
scanplanes have been combined with color flow mapping configured to process ultrasound data acquired for the image 
( CFM ) data and / or other special mode data . However , in 40 mode and generate an image indicative thereof . A special 
order to maintain a reasonably high frame rate ( e.g. , 10-20 mode processor is configured to process ultrasound data 
Hz ) and full resolution ( e.g. , high line density ) , the CFM acquired for the special mode and generate special mode 
data is acquired and shown only in a smaller viewport ultrasound data . A rendering algorithm memory includes a 
superimposed over only a sub - portion of the B - mode image , plurality of rendering algorithms . A rendering engine 
with the B - mode image providing an anatomical frame of 45 employs a first rendering algorithm and displays the image 
reference . Furthermore , when panning the viewport , the in a main display window and the special mode ultrasound 
CFM data update has been delayed such that aged or data in a viewport superimposed over a sub - region of the 
non - current CFM data is displayed . main display window . The acquisition engine acquires ultra 

For example , FIGS . 1-3 show an approach in which the sound data for the special mode in the whole region covered 
CFM data in the viewport is not refreshed until the viewport 50 by the main display window using a second acquisition 
is moved to a new location . In FIG . 1 , a main window 102 algorithm and the rendering engine displays a first portion of 
displays a B - mode image 104 and a viewport 106 , which is the generated special mode ultrasound data over the main 
located at a first location 108 , displays first CFM data 110 . display window and a second portion of the generated 
In FIG . 2 , the viewport 106 is being moved ( e.g. , dragged via special mode ultrasound data over the viewport using a 
a mouse ) to a second different location 112. However , the 55 second rendering algorithm in response to the system receiv 
first ( now aged ) CFM data 110 remains at the first location ing an input signal indicative of a movement of the viewport 
and the viewport 106 does not show any CFM data . In FIG . from a first location of the main display window to a second 
3 , the viewport 106 is at the second different location 112 different position of the main display window . 
( e.g. , dropped via the mouse ) and the CFM data is refreshed In another aspect , a method includes acquiring first data 
with new current CFM data 114 and the aged CFM data 110 60 using a first acquisition algorithm , refreshing a presentation 
is removed from the main window 102. In this example , the of an ultrasound image in a main window of a display at the 
refresh rate of the main window 102 and the viewport 106 acquisition refresh rate , and refreshing a presentation of 
at the first or the second locations 108 and 112 is 10-20 Hz , special mode data in a viewport overlaid over a sub - region 
but the refresh of the CFM data in the viewport 106 when of the main window at the acquisition refresh rate . The 
moving the viewport 106 might now occur with a one or 65 method further includes receiving a first signal indicating 
more second delay , depending on how long it takes the user movement of the viewport within the main window , acquir 
to move and place the viewport 106 . ing second data using a second different acquisition algo 
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rithm , superimposing , in response to the first signal , the The imaging system 800 includes a probe 802 and a 
special mode data over the image in the main window , and console 804. The probe 802 and the console 804 commu 
refreshing the presentation of the image in the main window nicate with each other through corresponding complemen 
and the special mode data in the main window and in the tary communication interfaces 806 and 808. The interfaces 
viewport at the acquisition refresh rates as the viewport is 5 806 and 808 are configured for communication through a 
moved . The method further includes receiving a second wire ( e.g. , a cable ) , wirelessly ( as shown ) , and / or other signal indicating the viewport is at a different static location communication channel . Communication there between 
in the main window , removing , in response to the second allows signals to be conveyed back and forth between the signal , the special mode data from the main window , acquir probe 802 and the console 804 . ing data using the first acquisition algorithm , and refreshing The probe 802 includes a transducer array 810 with a the presentation of the image in the main window and the one - dimensional ( 1 - D ) or a two - dimensional ( 2 - D ) array of special mode data in the viewport at the acquisition refresh transducer elements 812. The transducer elements 812 are rates . 

In another aspect , an ultrasound imaging system includes configured to transmit ultrasound signals and receive echo 
a probe with a transducer array with a set of elements , signals . Suitable configurations include , but are not limited 
wherein the set of elements produces echo signals indicative 15 to , linear , curved ( e.g. , convex ) , and phased arrays . The 
of ultrasound echoes received by the set of elements . An transducer array 810 can be fully populated or sparse . 
acquisition engine controls the set of elements to acquire The ultrasound imaging system 800 further includes 
ultrasound data using a first acquisition algorithm in transmit circuitry 814. The transmit circuitry 814 generates 
response to a moveable viewport displayed via a display a set of radio frequency ( RF ) pulses that are conveyed to the 
being at a static location overlaid over an ultrasound image 20 transducer array 810. The set of pulses actuates a corre 
displayed via the display and using a second different sponding set of the transducer elements 812 , causing one or 
acquisition algorithm to control the set of elements to more sets of the elements 812 to transmit ultrasound signals 
acquire ultrasound data in response to the moveable view into an examination or scan field of view . 
port transitioning between locations over the ultrasound The ultrasound imaging system 800 further includes 
image . A rendering engine displays the image and displays 25 receive circuitry 816. The receive circuitry 816 receives 
special mode data in the viewport using a first rendering echoes ( RF signals ) generated in response to the transmitted 
algorithm in response to the moveable viewport being at the ultrasound signals from the transducer array 810. The 
static location and displays the special mode data over the echoes , generally , are a result of the interaction between the 
image and in the viewport using a second different rendering emitted ultrasound signals and the structure ( e.g. , flowing 
algorithm in response to the moveable viewport transition- 30 blood cells , organ cells , etc. ) in the scan field of view . 
ing between the locations over the ultrasound image . The ultrasound imaging system 800 further includes a 

Those skilled in the art will recognize still other aspects switch 818 configured to switch between the transmit cir 
of the present application upon reading and understanding cuitry 814 and the receive circuitry 816 , depending on 
the attached description . whether the transducer array 810 is operated in transmit or 

35 receive mode . In transmit mode , the switch 818 electrically 
BRIEF DESCRIPTION OF THE DRAWINGS connects the transmit circuitry 814 to the elements 812. In 

receive mode , the switch 818 electrically connects the 
The application is illustrated by way of example and not receive circuitry 816 to the elements 812 . 

limitation in the figures of the accompanying drawings , in An acquisition algorithm bank 819 includes a set of 
which like references indicate similar elements and in 40 acquisition algorithms 8211 , 8212 , 8213 .. , 821 ( collec 
which : tively referred to herein as acquisition algorithm 821 ) , where 

FIGS . 1-7 depict prior art ; N is a positive integer . Each acquisition algorithm includes 
FIG . 8 schematically illustrates an example ultrasound one or more parameters for acquiring image lines , e.g. , with 

imaging system ; different and / or equal line densities , e.g. , for B - mode imag 
FIGS . 9-12 schematically illustrate example first display 45 ing and / or the special mode imaging . Other acquisition 

of data in a main window and in a viewport ; parameters , such as a number of transmits per line , e.g. , in 
FIGS . 13-16 schematically illustrate example second dis case of CFM , can be changed . The image acquisition rate 

play of data in a main window and in a viewport ; and / or resolution depend on the utilized acquisition algo 
FIGS . 17-20 schematically illustrate example third dis rithm . The acquisition algorithm could set different image 

play of data in a main window and in a viewport ; 50 rates for the B - mode and the special mode ( s ) . 
FIGS . 21-24 schematically illustrate example fourth dis The ultrasound imaging system 800 further includes an 

play of data in a main window and in a viewport ; echo processor 822 that processes received echoes . Such 
FIGS . 25-28 schematically illustrate example fifth display processing may include applying time delays , weighting on 

of data in a main window and in a viewport ; the channels , summing , and / or otherwise beamforming 
FIG . 29 schematically illustrates example sixth display of 55 received echoes . Other processing may lower speckle , 

data in a main window and in a viewport ; improve specular reflector delineation , and / or includes FIR 
FIG . 30 schematically illustrates example seventh display filtering , IIR filtering , etc. 

of data in a main window and in a viewport ; The ultrasound imaging system 800 further includes an 
FIG . 31 schematically illustrates an example ultrasound image processor 824 that processes the beamformed data . 

imaging system ; and 60 For B - mode , the image processor 824 processes the beam 
FIG . 32 illustrates a method in accordance with an formed data and generates a sequence of focused , coherent 

embodiment ( s ) disclosed herein . echo samples along focused scanlines of a scanplane . The 
image processor 824 can also be configured to generate an 

DETAILED DESCRIPTION A - mode and / or other mode image . 
The ultrasound imaging system 800 further includes a 

FIG . 8 illustrates an example imaging system 800 , such as main window generator 826. The main window generator 
ultrasound imaging system . 826 generates a main window , which is configured to display 

3 .... 

65 
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the image generated by the image processor 824. In one 1-7 herein , which introduces a refresh time lag ( e.g. , 20.3 
instance , the main window includes an image display region seconds ) before the data is available and the update is 
of a graphical user interface , which may also include non performed when / while the viewport is being moved . As 
image display regions such as a region to activate image such , the approach described herein presents useful data 
processing tools ( e.g. , gain , zoom , etc. ) and / or operations . even while the viewport moves and provides a good user 

The ultrasound imaging system 800 further includes a experience . 
special mode processor 828 that processes the beamformed Examples of acquisition and rendering algorithm sets are 
data . The special mode processor 828 processes the beam described next . 
formed data based on one or more of special mode process A first example algorithm set is described in connection 
ing algorithms in a processing algorithm bank 830. 10 with FIGS . 9-12 . In FIG . 9 , using acquisition algorithm 821 , 
Examples of suitable special mode processing algorithms and rendering algorithm 8381 , a main window 902 displays 
include , but are not limited to , a color flow mapping ( CFM ) an acquired B - mode image 904 , and a viewport 906 , which 
algorithm 8301 , an elastography algorithm 8302 , ... and a is located at a first location 908 , displays first acquired 
contrast enhanced ultrasound ( CEUS ) algorithm 830x ,. The special mode data 910 at full resolution . 
CFM algorithm 830 , can include velocity mode , power 15 In FIG . 10 , the viewport 906 is selected to be moved . In 
mode , vector Flow , etc. Other special mode processing response thereto , the acquisition and rendering algorithms 
algorithms are also contemplated herein . are changed to 8212/8382 acquiring and displaying special 

The ultrasound imaging system 800 further includes a mode data 1002 over the B - mode image 904. In this 
viewport generator 832. The viewport generator 832 gener example , the acquisition algorithm 8212 acquires special 
ates a viewport , which is superimposed over a sub - portion of 20 mode scanlines at a lower resolution ( e.g. , 110 , 1/3 , 1/2 , etc. of 
the image display region of the main window and which the full resolution ) maintaining an image acquisition rate 
displays the data generated by the special mode processor similar to the original ( e.g. 8-20 or higher Hz ) , and the 
828. This data may be present in the entire viewport or only rendering algorithm 838 , displays special mode data 1002 in 
sub - portion thereof , e.g. , where a threshold is used to the whole main window with a lower intensity ( e.g. , 1/10 , 1/3 , 
determine whether data is displayed for a particular pixel or 25 1/2 , etc. of the full intensity ) . Further in response thereto , the 
region of pixels . The viewport is at least moveable and , in rendering algorithm 838 , also displays a subpart 1004 of 
one instance , resizable , re - shapeable , etc. As described in current special mode data 1002 in the viewport 906 with full 
greater detail below , the special mode data can also be intensity . 
displayed in the main window . In FIG . 11 , the viewport 906 is being moved to a location 

The ultrasound imaging system 800 further includes an 30 1102. Current special mode data 1104 is displayed over the 
acquisition engine 837 , which selects the acquisition algo B - mode image 904 , and current special mode data 1106 is 
rithm 821 used to acquire scanlines for all imaging modes . displayed in the viewport 906 , both refreshed at the acqui 
In response to moving of a viewport , the acquisition engine sition refresh rate ( e.g. , 8-20 or higher Hz ) . 
837 changes the acquisition algorithm 821 for at least one or In FIG . 12 , the viewport 906 is stopped moving at the 
up to all of the active imaging modes . For example , in one 35 location 1102. The acquisition and rendering algorithms are 
instance , the acquisition algorithm 821 is changed to acquire reverted back to the original set 821,7838 , acquiring and 
special mode scanlines for the whole imaging area populated displaying special mode data only within the viewport with 
with B - mode data , however , with a lower line density than full resolution . 
initially in the viewport thus maintaining a useable acqui In this example , there is no time lag in the display of the 
sition refresh rate ( e.g. , 8-20 or higher Hz ) . As described in 40 special mode data while the viewport 906 moves , unlike the 
greater detail below , this data is used to update the display approach shown in FIGS . 1-7 . Updating the data displayed 
at the acquisition refresh rate while the viewport is moving . in the moving viewport is only a matter of changing the 
When the viewport stops moving the acquisition engine 837 rendering area since data is available for the entire region 
changes the acquisition algorithm 821 back to what it was , 902 using the lower resolution acquisition algorithm 8212 . 
i.e. , only acquiring special mode scanlines within the view- 45 The special mode data is refreshed when the viewport 906 
port with the initial higher line density . is at either static location 908 and 1102 and while transi 

The ultrasound imaging system 800 further includes a tioning there between at the same refresh rate without any 
rendering engine 834 and a display 836. The rendering time delay . As such , current useful special mode data is 
engine 834 displays the main window and data therein always displayed , when the viewport is at a static location 
through the display 836. Where a viewport is generated , the 50 and when it is moving . Again , this provides current useful 
rendering engine 834 displays the viewport and the data data and a good user experience . 
therein superimposed over the main window and the data A second example algorithm set is described in connec 
therein through the display 836. In this example , the ren tion with FIGS . 13-16 . The acquisition algorithms used 
dering engine 834 displays the main window and data when the viewport is static and moving are the same as in the 
therein and the viewport and the data therein based on one 55 first example , 821 , and 8212 , but the rendering algorithms 
or more of the rendering algorithms in a rendering algorithm 838 , and 838 , are substituted by 8383 and 8384 which causes 
bank 838 . the special mode 910 ( FIG . 13 ) , 1002 and 1004 ( FIG . 14 ) , 

In general , the algorithms 838 allows the rendering engine 1102 and 1104 ( FIG . 15 ) and 1204 ( FIG . 16 ) to be displayed 
834 to concurrently display live , real - time special mode data over current B - mode images 904 ( FIG . 13 ) , 1006 ( FIG . 14 ) , 
( i.e. , as the data is processed and output by the processors 60 1106 ( FIG . 15 ) and 1202 ( FIG . 16 ) with an opacity level 
824 and 828 ) in both the main window 902 and the viewport ( e.g. , 25 % , 40 % , 75 % , etc. ) such that the B - mode images 
906 , while the viewport 906 moves from the location 908 to can be seen through the special mode data . The opacity level 
the location 1102. By changing the acquisition algorithm can be determined via a protocol , by a user , automatically , 
821 as mentioned above to acquire special mode scanlines etc. Furthermore , the opacity level can be changed . 
covering the whole main window , current data is always 65 A third example algorithm set 8213/838 , is described in 
displayed at a same frame rate ( e.g. , 8-20 or higher Hz ) , connection with FIGS . 17-20 . The acquisition algorithm 
unlike the approaches discussed in connection with FIGS . 8212 is similar to the algorithm 8212 except that the special 
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mode scanlines are acquired over the B - mode image at full FIG . 31 illustrates an example of the ultrasound imaging 
resolution . The rendering algorithm 838 , differs from 8382 system 800. In this example , the display 836 and console 
in that it displays all special mode data 1002 , 1004 , 1104 , 804 are separated devices integrated and part of a mobile 
and 1106 with full intensity . Likewise , the special mode data cart 3100 , which include movers 3102 such as wheels , 
is displayed at the acquisition refresh rate without any lag . 5 casters , etc. In another configuration , the ultrasound imaging 

A fourth example algorithm set 8212/838 , is described in system 800 rests on a table , desk , etc. , and does not include 
connection with FIGS . 21-24 . The special mode scanlines movers and is not integrated into a cart . 
are acquired over the B - mode image at full resolution . The FIG . 32 illustrates a method for employing the probe 802 . 
rendering algorithm 838 , is similar to the algorithm 838 It is to be appreciated that the order of the following acts 
except that the special mode data 1002 and 1104 are dis- 10 is provided for explanatory purposes and is not limiting . As 
played in lower resolution while the special mode data 1004 such , one or more of the following acts may occur in a 
and 1106 are displayed in full resolution . Again , the special different order . Furthermore , one or more of the following 
mode data is displayed at the acquisition refresh rate without acts may be omitted and / or one or more additional acts may 

be added . 
A fifth example algorithm set 8213/838 , is described in 15 At 3202 , an ultrasound image is presented in a main 

connection with FIGS . 25-28 . The algorithm 838 , is the window of a display monitor . The ultrasound image can be 
reverse of the algorithm 8386 , with the special mode data generated as described herein by the system 800 and / or other 
1002 and 1104 displayed in full resolution while the special ultrasound system . 
mode data 1004 and 1106 are displayed in lower resolution . At 3204 , in response to receiving an input invoking 
Again , the special mode data is displayed at the acquisition 20 display of special mode data , a viewport is created and 
refresh rate without any delay . In FIG . 29 , the special mode superimposed over a sub - region of the main window and 
data 1002 is displayed over only a sub - portion of the main includes the special mode data . 
window 902. In FIG . 30 , special mode data 1002 , and 10021 At 3206 , both the image in the main window and the 
are displayed in different regions of the main window 902 special mode data in the viewport are refreshed with cur 
with different resolutions . Other embodiments include com- 25 rently acquired data at the acquisition refresh rate . 
binations and / or variations of FIGS . 9-30 . At 3208 , in response to receiving a first signal indicating 

It is to be appreciated that be using one or more of the movement of the viewport within the main window , the 
acquisition algorithms 821 acquiring the special mode scan special mode data is acquired and superimposed over the 
lines for the whole imaging area while the viewport is being image in the main window . 
moved , acquisition reconfiguration requirements are 30 At 3210 , both the special mode data in the main window 
decreased relative to a configuration in which the acquisition and the special mode data in the viewport are refreshed with 
algorithm is updated for each new refresh of the image in the currently acquired data at the acquisition refresh rate as the 
viewport . In one instance , this facilitates maintaining the viewport is moved within the main window . As described 
refresh rate in the range of 8-20 or higher Hz before , herein , this data can be displayed based on one or more of 
throughout , and after the movement of the viewport from 35 the algorithms 838 , for example , without any introduced 
one location to another in the main window . time delay between when the viewport is being moved and 

Returning to FIG . 8 , the ultrasound imaging system 800 the display of data is refreshed . 
further includes a controller 840. The controller 840 is At 3212 , in response to receiving a second signal indi 
configured to control one or more of the components of the cating the viewport is no longer moving , the color flow 
ultrasound imaging system 800. Such control can be based 40 mapping data is removed from the main window . 
on available modes of operation . Examples of such modes of At 3214 , both the image in the main window and the 
operation include one or more of A - mode , B - mode , elas special mode data in the viewport are refreshed with cur 
tography mode , color flow mapping mode , vector flow rently acquired data at the acquisition refresh rates . 
mode , spectral Doppler mode , etc. The above may be implemented by way of computer 

The ultrasound imaging system 800 further includes a 45 readable instructions , which when executed by a computer 
user interface ( UI ) 842. The UI 842 may include one or more processor ( s ) , cause the processor ( s ) to carry out the 
input devices ( e.g. , a keyboard , a keypad , a trackball , a described acts . In such a case , the instructions can be stored 
mouse , a touch sensitive pad or screen , a knob , a switch , a in a computer readable storage medium associated with or 
slider , etc. ) . The UI 842 can be used to invoke creation and otherwise accessible to the relevant computer . Additionally 
display of a viewport , identify a processing algorithm for the 50 or alternatively , one or more of the instructions can be 
data displayed in the viewport , identify an acquisition and a carried by a carrier wave or signal . 
rendering algorithm for acquiring and displaying special The application has been described with reference to 
mode data when moving the viewport , place the viewport , various embodiments . Modifications and alterations will 
etc. occur to others upon reading the application . It is intended 

It is to be understood that one or more of the components 55 that the invention be construed as including all such modi 
of the system 800 ( e.g. , the processor 824 and / or 828 , the fications and alterations , including insofar as they come 
controller 840 , the generators 826 and / or 832 , the acquisi within the scope of the appended claims and the equivalents 
tion and rendering engines 837 and 834 , and / or other com thereof . 
ponent ) can be implemented by at least one processor ( e.g. , 
a central processing unit or CPU , a microprocessor , or the 60 What is claimed is : 
like ) executing computer readable instructions encoded , 1. A system , comprising : 
embedded , stored , save , etc. on a non - transitory computer processing mode memory that stores processing instruc 
readable storage medium ( which excludes transitory tions for a plurality of special modes ; 
medium ) , such as physical memory and / or other non - tran acquisition algorithm memory that stores a plurality of 
sitory medium . The at least one processor can also execute 65 acquisition algorithms ; 
instructions carried by a signal , carrier wave , and other an acquisition engine that acquires first ultrasound data 
transitory medium . for two or more modes with a first acquisition algo 



10 

15 

30 

US 10,564,272 B2 
9 10 

rithm of the plurality of acquisition algorithms , includ image in the main display window and the third special 
ing an image mode and a special mode ; mode ultrasound data in the viewport using the first render 

an image processor configured to process the first ultra ing algorithm . 
sound data acquired for the image mode and generate 11. The system of claim 7 , wherein the rendering engine 
an image indicative thereof ; 5 displays the first portion of the second special mode ultra 

a special mode processor configured to process the first sound data in the main display window at a first intensity 
ultrasound data acquired for the special mode with level and the second portion of the second special mode 
instructions from the processing instructions for the ultrasound data in the viewport at a second intensity level 
plurality of special modes and generate first special during the movement of the viewport , wherein the first 
mode ultrasound data ; intensity level is less than the second intensity level . 

rendering algorithm memory that stores a plurality of 12. The system of claim 7 , wherein the rendering engine 
rendering algorithms ; and displays the first and second portions of the second special 

a rendering engine that employs a first rendering algo mode ultrasound data in the main display window and the 
rithm of the plurality of rendering algorithms and viewport at a predetermined opacity level which causes 
displays the image in a main display window and the concurrent display of both the first and second portions of 
first special mode ultrasound data in a viewport super the second special mode ultrasound data and the image with 
imposed over a sub - region of the main display window , the image as background visible through the first and second 

wherein the acquisition engine acquires second ultra portions of the second special mode ultrasound data . 
sound data for the special mode using a second acqui- 20 13. The system of claim 7 , wherein the rendering engine 
sition algorithm acquiring special mode data within a displays the second portion of the second special mode 
whole region covered by the main display window , the ultrasound data in the viewport at a third resolution in 
special mode processor is configured to process the response to the viewport transitioning being at the first or the 
second ultrasound data and generate second special second location , wherein the second and third resolution are 
mode ultrasound data , and the rendering engine dis- 25 different . 
plays a first portion of the generated second special 14. The system of claim 13 , wherein the second resolution 
mode ultrasound data over an entirety of the main is less than the third resolution . 
display window and a second portion of the generated 15. A method , comprising : 
second special mode ultrasound data over the viewport acquiring first data an acquisition refresh rate using a first 
using a second rendering algorithm in response to the acquisition algorithm ; 
system receiving an input signal indicative of a move refreshing a presentation of an ultrasound image in a main 

window of a display at the acquisition refresh rate ment of the viewport from a first location of the main based on the acquired first da display window to a second different location of the refreshing a presentation of first special mode data in a main display window . viewport overlaid over a sub - region of the main win 2. The system of claim 1 , wherein the special mode is one dow at the acquisition refresh rate based on the of color flow mapping and vector flow . acquired first data ; 
3. The system of claim 1 , wherein the special mode is one receiving a first signal indicating movement of the view 

of elastography and contrast enhanced ultrasound . port within the main window ; 
4. The system of claim 1 , wherein the acquisition and acquiring second data using a second different acquisition 

rendering engines acquire and refresh a display of both the algorithm ; 
first and second portions at a refresh rate of at least 8 Hz superimposing , in response to the first signal , second 
before , during and after the movement of the viewport . special mode data , which is generated based on the 
5. The system of claim 4 , wherein the first and second acquired second data , over an entirety of the image in 

portions are refreshed as the first and second portions 45 the main window ; 
become available by the image processor and the special refreshing the presentation of the second special mode 
mode processor . data over the entirety of the image in the main window 

6. The system of claim 4 , wherein the first and second at the acquisition refresh rate as the viewport is moved ; 
portions are refreshed without introducing a refresh time lag . receiving a second signal indicating the viewport is at a 

7. The system of claim 1 , wherein the rendering engine 50 different static location in the main window ; 
displays the first portion of the second special mode ultra removing , in response to the second signal , the second 
sound data in the main display window at a first resolution special mode data from the main window ; 
and the second portion of the second special mode ultra acquiring third data using the first acquisition algorithm ; 
sound data in the viewport at a second resolution during the and 
movement of the viewport . refreshing the presentation of the image in the main 

8. The system of claim 7 , wherein the first and second window and third special mode data , which is gener 
resolutions are the same . ated based on the acquired third data in the viewport at 

9. The system of claim 7 , wherein the first and second the acquisition refresh rate . 
resolutions are different . 16. The method of claim 15 , further comprising : 

10. The system of claim 7 , wherein , in response to the 60 displaying the second special mode data in the viewport 
viewport being at the second location , the rendering engine at a first resolution ; and 
removes the first portion of the second special mode ultra displaying the second special mode data in the main 
sound data from the main display window , the acquisition window at a second resolution , wherein the second 
engine acquires third ultrasound data using the first acqui resolution is less than the first resolution . 
sition algorithm , the special mode processor processes the 65 17. The method of claim 15 , further comprising : 
third ultrasound data acquired and generates third special displaying the second special mode data in the viewport 
mode ultrasound data , and the rendering engine displays the at a first intensity level ; and 
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displaying the second special mode data in the main rithm in response to a moveable viewport displayed via 
window at a second intensity level , wherein the second a display being at a static location overlaid over an 
intensity level is less than the first intensity level . ultrasound image displayed via the display and using a 

18. The method of claim 15 , further comprising : second different acquisition algorithm to control the set displaying the second special mode data in the main 5 of elements to acquire ultrasound data in response to window and the viewport at a first transparency level . the moveable viewport transitioning between locations 19. The method of claim 15 , further comprising : over the ultrasound image ; and refreshing the presentation of the second special mode a rendering engine that displays the ultrasound image and data in the viewport at the acquisition refresh rate as displays special mode data in the moveable viewport new special mode data becomes available and without 10 
any time delay . using a first rendering algorithm in response to the 

20. An ultrasound imaging system , comprising : moveable viewport being at the static location and 
a probe , including : a transducer array with a set of displays the special mode data over the ultrasound 

elements , wherein the set of elements produces echo image and in the moveable viewport using a second 
signals indicative of ultrasound echoes received by the 15 different rendering algorithm in response to the move 
set of elements ; able viewport transitioning between the locations over 

the ultrasound image . an acquisition engine that controls the set of elements to 
acquire ultrasound data using a first acquisition algo 


